Introduction
============

Infection of the knee joint after primary total knee arthroplasty is a serious complication. An incidence of 0.4 to 2.5% has been reported in literature \[[@R1]\], \[[@R2]\], \[[@R3]\]. With the increasing number of primary total knee replacement in industrialized countries, the number of revision surgery is increasing \[[@R4]\], \[[@R5]\].

According to literature reports, the incidence of infection after revision of total knee arthroplasty amounts up to 5% and the incidence of infection following reimplantation of total knee arthroplasty in cases of periprosthetic infection is 15--20% \[[@R6]\], \[[@R7]\]. In early-onset infection after total knee arthroplasty, joint-preserving surgery is an established concept \[[@R6]\], \[[@R8]\], \[[@R9]\].

In late/chronic periprosthetic infections of the knee joint, explantation and reimplantation of total knee arthroplasty, especially the two-stage procedure, is the most popular treatment strategy \[[@R6]\], \[[@R8]\]. The advantage of the two-stage revision appears to lie in a more radical treatment of the infection \[[@R10]\].

The two-stage revision surgery of a total knee arthroplasty consists of 2 steps. In the first step, the total knee endoprosthesis components are explanted, a radical debridement and radical synovectomy is performed and an antibiotic-containing cement spacer is inserted. After the infection has healed, the second step is carried out. In this step, the cement spacer is removed and a new artificial joint is implanted. The antibiotic-containing spacer used can be constructed either in a mobile (dynamic/articulating) or a static (not articulating) form. The static form ensures that the knee joint is immobilized by the resulting temporary arthrodesis. In contrast, slight movements of the knee joint are possible with the dynamic spacers. According to literature reports, there are no differences between the use of static and dynamic spacers in the treatment of chronic periprosthetic infections of the knee joints regarding healing of infection \[[@R1]\], \[[@R11]\], \[[@R2]\]. However, dynamic spacers are reported to be less prone to muscle atrophy, ligament shortening, and bone loss than static spacers, so static spacers are indicated only in patients with severe bone loss or concomitant soft tissue defects \[[@R2]\].

In this work, we would like to evaluate the mid-term results after two-stage revision of total knee replacement in periprosthetic infection using dynamic spacer, in particular with regard to the function of the knee joint after reimplantation.

Patients and methods
====================

In this retrospective study, we included patients who were treated in our clinic between 2005 and 2013 due to infection of the knee after total knee arthroplasty. We excluded all patients with an intramedullary cement spacer, patients who were finally treated by performing arthrodesis of the knee and all patients who could not be followed up for at least 6 months. All patients included have had a mobile antibiotic-coated cement spacer (AGC Style Company Biomet Orthopedics Inc., Warsaw, USA) implanted after surgical debridement and removal of the components of total knee replacement. The mobile cement spacer consists of a femoral component and a tibial component (each filled with 80 g cement and containing gentamycin and clindamycin) and is adapted to the anatomical condition. Broad-spectrum antibiotics were given initially and in some cases they were replaced by other antibiotics according to resistance. Systemic antibiotic treatment took place over a period of 4--6 weeks. Subsequently, reimplantation of total knee replacement was performed when no clinical or paraclinical signs of infection were found. Prior to reimplantation, a diagnostic puncture of the knee joint was performed in every case to rule out infection. Depending on the bony defect situation and the stability of the collateral ligaments, resurfacing, partially or fully constrained knee replacement was carried out (Figure 1 [(Fig. 1)](#F1){ref-type="fig"}). We analyzed all included cases for potential reinfection, examined the range of motion of the knee joint and evaluated the Merle d'Aubigné-Postel score. Statistical evaluation was performed with SPSS 24.0.

Results
=======

This study group contains 16 patients (9 women and 7 men) with an average age of 72.0 ± 8.3 years. All patients were followed up for at least 6 months with an average follow-up of 22.5 ± 16.6 months. In all patients a pathogen was isolated intraoperatively during the first-stage surgery (explantation of the knee). *Staphylococci* were detected in 94% of the cases, *streptococci* in only one patient (Table 1 [(Tab. 1)](#T1){ref-type="fig"}). Reimplantation was carried out after 6.2 ± 5.2 months. 9 patients did not have any further infection of their knee joint. In 4 patients (25%) reinfection was diagnosed and treated surgically (Table 2 [(Tab. 2)](#T2){ref-type="fig"}). Revision surgery took place on average after 12.1 months (0.3 to 41.9 months). In one patient, the knee endoprosthesis was removed and new components were implanted in a single-stage surgery after prior arthroscopic debridement. In another patient a two-stage surgery was carried out. The two remaining patients had a poor general condition and refused surgical intervention. Therefore, we performed a stable fistula to prevent concealment of infection and systemic risks. The pathogen spectrum changed in comparison to the first revision surgery (Table 3 [(Tab. 3)](#T3){ref-type="fig"}). The average knee flexion in the group of patients without relapse of infection was 103.3° ± 17.1°. Only 3 patients showed extension deficit of max. 20° (see Table 4 [(Tab. 4)](#T4){ref-type="fig"}). The Merle d'Aubigné-Postel score was 14.4 ± 1.9.

Discussion
==========

Periprosthetic infections of the knee joint are still a major challenge in arthroplastic surgery. Several therapeutic concepts are presented in literature, but there is no consistent approach \[[@R12]\], \[[@R10]\].

In this work, we evaluated our results, particularly focusing on the functional results after the reimplantation of a total knee replacement using a mobile (dynamic) cement spacer in the treatment of periprosthetic infections. Our results are discussed in light of recent reports on the management of periprosthetic infection after total knee replacement, especially those comparing the outcome after using mobile spacers to the outcome after using static ones.

Ding et al. \[[@R13]\] compared the effectiveness of static versus dynamic spacers in two-stage surgery in the treatment of periprosthetic knee joint infections in a meta-analysis. They concluded that there are no relevant differences between dynamic and static spacers with regard to eradication of infection, soft tissue contractures and knee pain scores. Those patients with dynamic spacers had a better postoperative range of motion (ROM) of the knee joint. In this study, 236 dynamic spacers and 256 static spacers were included. The average postoperative follow-up was 12 months. Both the function of the knee joint and pain were evaluated according to the Knee Society Score (KSS) \[[@R14]\].

Citak et al. \[[@R2]\] compared the results of the use of dynamic spacers versus static spacers in the treatment of infection after total knee arthroplasty. The data were generated with regard to the eradication of infection and complication rate as well as the functional outcome, taking the maximum ROM of the knee joint at the time of the last follow-up examination into account. ROM was measured by the neutral-zero method. Only the studies with a follow-up period of 3 to 5 years were considered and analyzed. The collected data show no differences between static and dynamic spacers in the treatment of late-onset/chronic periprosthetic infection of the knee joint regarding eradication of infection. However, clear differences in knee joint function are seen after reimplantation inasmuch as the use of static spacers is associated with an increased risk of muscle atrophy, soft tissue contractures and bone loss. Therefore, the use of dynamic spacers is favored, except for significant bone loss and/or soft tissue defects.

Contrary to the two previously mentioned meta-analyses, Skwara et al. \[[@R15]\] reported no differences with regard to the final result after using static or mobile spacers. In their study, 37 cases were evaluated. All patients underwent two-stage surgery due to periprosthetic infection after total knee replacement. With regard to the ROM of the knee joints after reimplantation of total knee arthroplasty components, no difference was seen when comparing the use of static vs. dynamic spacers.

Lu et al. \[[@R8]\] also concluded that there is no difference in the incidence of reinfection or postoperative ROM of the knee joint with regard to the type of spacer (mobile vs. static).

However, Vasso et al. \[[@R16]\] reported long-term results after the use of mobile spacer in the case of two-stage replacement of a total knee endoprosthesis following infection. In their work, they evaluated the results of 46 cases with an average of 12 years (6 to 16 years). The patients were evaluated both preoperatively and postoperatively according to the International Knee Score (ICS) \[[@R14]\] and the ROM of the knee joint. They came to the conclusion that the use of mobile spacers leads to an advantageous postoperative result, in particular with regard to the ROM of the knee joint. However, this study is non-randomized. The results were not compared with a control group of patients with fixed spacers.

Nodzo et al. \[[@R17]\] analyzed in their retrospective study the results in 140 patients who had a two-stage surgery due to infection after total knee arthroplasty.

In this series, only mobile spacers were used. These mobile spacers were either prefabricated, hand-made during surgery or the femoral component autoclaved. The follow-up ranged from 43.7 to 74.9 months. Two criteria were included to define treatment success at follow-up:

Missing clinical signs and symptoms, which necessitate new surgical interventionMissing clinical signs and symptoms of re-infection

The authors concluded that statistically there is no relevant difference between the different types of mobile spacers with regard to the success of treatment. However, it should be noted that the cost of the handcrafted mobile spacer is clearly lower than that of the prefabricated or autoclaved ones.

Nevertheless, subluxation is the one disadvantage of the use of mobile spacers which is frequently reported. Lanting et al. \[[@R18]\] reported on 58 cases in which mobile spacers have been used. The average follow-up was 44.9 months ± 29.8 months. They found that the sagittal subluxation of the spacer had a negative influence on the postoperative WOMAC scores and the Knee society scores.

Compared to the literature reports \[[@R19]\], \[[@R2]\], \[[@R13]\], \[[@R20]\], \[[@R7]\], \[[@R16]\], \[[@R9]\], the outcome in our series with regard to postoperative function of the knee joint is satisfactory. It should be noted that literature reports on the used cement spacers in treatment of periprosthetic infection of the knee are very heterogeneous.

The types of germs, as well as the number, age and health profile of the patients vary considerably. In addition, the follow-up duration in the different studies is very diverse.

The limitation of our study is the relatively small number of patients examined, the different germ colonization, the lack of a control group with static spacers and the fact that this is a non-randomized retrospective study.

Despite this limitation, we believe in the value of this work as we have focused on postoperative ROM and postoperative pain using of the Merle d'Aubigné-Postel score.

Different scores are used in the literature to collect postoperative results \[[@R21]\], \[[@R14]\], \[[@R22]\]. Therefore, a comparison of the results is difficult.

Conclusions
===========

Two-stage surgery of total knee replacement with the use of a mobile spacer has its high value in the treatment of periprosthetic infections. The mobile spacers contribute to an advantageous range of motion of the knee joint after reimplantation of a total knee endoprosthesis. In case of significant bone loss, static spacers are favored because they ensure stability. Generally, further studies are required that compare the results after using mobile or static spacer, but with the inclusion of homogeneous patient collective.
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![a) X-ray showing TKR with no signs of loosening, yet clinical signs of infection. b) Explantation of the components of TKR and dynamic cement spacer in situ. c) Reimplantation with a semi-constraint TKR.](IPRS-07-02-g-001){#F1}
